Background: The reactive oxygen metabolites (d-ROMs) test has recently been explored as a novel marker of oxidative stress in vivo and used in clinical settings. Conversely, data regarding the utility of the d-ROMs test as a predictor of patients with chronic heart failure (CHF) are limited. This prospective study aims to elucidate the efficacy of the d-ROMs test as a predictor of initial heart failure (HF) hospitalization in elderly patients with CHF.
Introduction
Recently, a global upsurge has been observed in the incidence of chronic heart failure (CHF) because of extended life expectancy [1, 2] . In reality, several elderly patients with CHF, including asymptomatic phases, exist in daily practice. Furthermore, epidemiological studies have suggested that patients with CHF with a history of HF hospitalization exhibit poor prognosis because of re-hospitalization owing to HF, cardiovascular diseases, or other adverse events [3, 4] . Thus, it is important to consider the adequate diagnosis and therapy for elderly patients with CHF before the incidence of HF hospitalization.
Several fundamental and clinical studies have reported that oxidative stress plays a vital role in the pathophysiology of CHF [5] [6] [7] [8] . Among the oxidative stress markers in vivo, the reactive oxygen metabolite (d-ROMs) test, which reflects the amount of hydroperoxide, is simply assessed using serum samples in clinical settings. In addition, clinical studies have suggested a correlation between the d-ROMs test and cardiovascular risk factors or cardiovascular disease [9] [10] [11] . By contrast, data regarding the correlation between the d-ROMs test and the pathogenesis or significance of predictors for patients with CHF are limited [12, 13] . To the best of our knowledge, to date, no study has assessed the significance of the d-ROMs test as a predictor for initial HF hospitalization in patients with CHF. Thus, this prospective study aimed to elucidate the utility of the d-ROMs test as a predictor for initial HF hospitalization in elderly patients with CHF.
Materials and Methods

Patients
Totally, 428 elderly outpatients with CHF (age, ≥ 65 years) with no history of HF hospitalization were enrolled between November 2007 and November 2009 at the Hitsumoto Medical Clinic, Yamaguchi, Japan. CHF was defined according to the ACC/AHA 2005 Guidelines for the Diagnosis and Management of Heart Failure in Adults [14] . The 
D-ROMs test measurement
Blood samples were collected from the brachial vein of all patients; the blood was collected in the morning, after an overnight fast, but before breakfast. The d-ROMs test was conducted by the Free Radical Analytical System (Diacron, Grosseto, Italy), as reported previously [15] . Briefly, in a pipette, 25 µL of the serum sample was mixed with an acetic acid buffered solution (pH 4.8) to fix the hydrogen ion concentration; a chromogenic substrate was then added to the mixture.
In an acidified medium, both bivalent and trivalent iron from the blood protein ionize and work as catalysts to break down the hydroperoxide component in the serum into alkoxyl and peroxy radicals to become free radicals. Next, the mixture was incubated in the thermostatic block of the system followed by its transfer into a cuvette, including colorless chromogen. Subsequently, the chromogen was oxidized by free radicals to a radical cation, which was magenta in color. The intensity of the magenta color reflects the concentration of hydroperoxide in the serum; this was measured using a photometer after centrifuging the prepared sample for 1 min. The measured value was expressed as U.CARR (1 U.CARR = 0.08 mg/dL H 2 O 2 ). A previous study suggested that the accuracy of this method was established (intra-and inter-assay coefficients of variation, < 3%) [16] .
Evaluation of clinical parameters
The present study evaluated various clinical parameters, such as classic risk factors for cardiovascular diseases, history of ischemic heart disease, echocardiographic findings, hemoglobin concentration, kidney function, brain natriuretic peptide (BNP) levels, high-sensitivity C-reactive protein (hs-CRP) levels, and arterial stiffness. Obesity was identified using the body mass index, calculated as weight (kg) divided by the squared height (m 2 ). Current smoking was defined as smoking at least one cigarette per day over the previous 28 days. A history of ischemic heart disease was defined as patients with a history of myocardial infarction and/or angiography-proven significant stenosis. Hypertension was defined as systolic blood pressure ≥ 140 mm Hg, diastolic blood pressure ≥ 90 mm Hg, or administration of antihypertensive medications. Dyslipidemia was defined as low-density lipoprotein cholesterol levels ≥ 140 mg/dL, high-density lipoprotein cholesterol levels ≤ 40 mg/dL, triglyceride levels ≥ 150 mg/dL, or ongoing treatment for dyslipidemia. Diabetes mellitus was defined as a fasting blood glucose level greater than or equal to 126 mg/dL or the use of antidiabetic treatment. The standard technique for echocardiography was performed using a commercial device (UF-850XTD; Fukuda Denshi, Tokyo, Japan). Valvular heart disease comprised aortic or mitral valve disease (aortic stenosis, aortic regurgitation, mitral stenosis, and mitral regurgitation). Left ventricular wall thickness, extended period diameter, ejection fraction, and left atrial dimension were also assessed using echocardiography. The estimated glomerular filtration rate (eGFR) was evaluated using the "adjusted modification of diet in the renal disease study equation", as proposed by the working group of the Japanese Chronic Kidney Disease Initiative [17] . BNP levels were measured using a commercial kit (SHIONOSPOT Reader; Shionogi & Co., Osaka, Japan) and the hs-CRP concentration using high-sensitivity latexenhanced immunonephelometric assay. Cardio-ankle vascular index (CAVI) was measured as a physiological marker of arterial stiffness using a VaSera CAVI instrument (Fukuda Denshi), as described previously [18] . Briefly, brachial and ankle pulse waves were determined using inflatable cuffs, with the pressure maintained between 30 and 50 mm Hg to ensure that the cuff pressure exerted minimal effects on systemic hemodynamics. Of note, systemic blood and pulse pressures were simultaneously determined, with the participants in the supine position. Besides, CAVI was measured after a 10-min rest in a quiet room. The accuracy of CAVI is suggested to be less in the presence of non-sinus rhythm or obstructive arteriosclerosis; thus, we excluded patients with chronic atrial fibrillation and/or obstructive arteriosclerosis (ankle-brachial index < 0.9). The mean values of the left and right sides were used for statistically evaluating the CAVI.
Patient follow-up
The follow-up period was terminated in November 2017. The endpoint for this study was HF hospitalization. All patients were followed-up for a median of 81.1 months (range, 6 -120 months) to determine the incidence of HF hospitalization.
Statistical analysis
Data were analyzed using the Stat View-J 5.0 (HULINKS, Tokyo, Japan) and MedCalc for Windows (version 14.8.1; MedCalc Software, Ostend, Belgium). Data are presented as mean ± standard deviation. Between-group comparisons were performed using the Student's t-test or the Mann-Whitney U-test.
In addition, the event-free survival rate curves were calculated using the Kaplan-Meier analysis and the differences between the curves were evaluated using the long-rank test. Furthermore, multivariate analysis was performed using the multivariate Cox regression analysis. Receiver operating characteristics (ROC) curves were constructed and Youden Index was used to determine optimal cut-offs for predicting the HF hospitalization. P < 0.05 was considered statistically significant. 421 U.CARR, respectively. The presence of diabetes mellitus, BNP levels, hs-CRP levels, and CAVI was considerably higher in group H than in group L. Figure 1 shows the Kaplan-Meier curve for the incidence of HF hospitalization. During the 88.1-month follow-up period, 58 HF hospitalization cases were reported (group L, 17 cases; group H, 41 cases).
Results
The Kaplan-Meier curve demonstrated that group H exhibited a significantly higher HF hospitalization incidence than did group L (log-rank test, P < 0.001). Table 2 presents the clinical parameters at registration of all patients with and without HF hospitalization. In addition, age, smoking status, presence of diabetes mellitus, BNP levels, hs-CRP levels, and CAVI were considerably higher, and the eGFR, renin-angiotensin system inhibitor use, and β-blocker use were considerably lower in patients with HF hospitalization than in those without HF hospitalization. Table 3 presents the results of the multivariate Cox regression analysis for the HF hospitalization incidence. 
D-ROMs
Ten variables were selected based on significant factors for HF hospitalization in the univariate analysis. Of these, six variables (age, group H, BNP levels, diabetes mellitus, CAVI, and β-blocker use) exhibited a considerable hazard ratio (HR) for the HF hospitalization incidence. The patients were divided into four groups based on their d-ROMs test and BNP levels to clarify the clinical efficacy of a combination of two biomarkers as the d-ROMs test and BNP levels, and a multivariate Cox regression analysis was performed (Fig. 2) . Besides, group H with low BNP levels (< 200 pg/mL) or group L with high BNP levels (≥ 200 pg/mL) exhibited significantly higher HR (HR: 2.21, 95% CI: 1.06 -4.71, P < 0.05; HR: 2.29, 95% CI: 1.09 -5.93, P < 0.05, respectively) than group L with low BNP levels. Furthermore, HR of group H with high BNP levels compared with group L with low BNP levels exhibited higher HR (HR, 9.18; 95% CI, 4.78 -22.94; P < 0.001) than the other groups. Figure 3 shows the ROC curve analysis for the incidence of HF hospitalization using d-ROMs test. The d-ROMs test levels cut-off 319 U. CARR yielded the largest area under the curve of 0.701 (95%CI: 0.655 -0.744), with a sensitivity of 86.4% and specificity of 51.8% for discriminating between non-hos- 
Discussion
Previous studies have reported a correlation between aging, diabetes mellitus, and HF incidence [1, 2, 19] . Likewise, this study also suggested that these factors were selected as a predictor for initial HF hospitalization in elderly patients with CHF. In addition, this study suggested that the d-ROMs test, as a novel marker for oxidative stress in vivo, was a predictor for initial HF hospitalization. Moreover, BNP, CAVI as a novel marker for arterial stiffness, and β-blocker use were selected as a predictor for initial HF hospitalization, and the clinical efficacy of using a combination of the d-ROMs test and BNP as a predictor for initial HF hospitalization was indicated in this study. A recent study highlighted the importance of CHF, which preserved the left ventricular ejection fraction (HFPEF) [20] . Left ventricular diastolic dysfunction is considered the leading cause of HFPEF, and animal or human studies have suggested that oxidative stress causes left ventricular diastolic dysfunction [21, 22] . By contrast, the mean value of the left ventricular ejection fraction levels in this study was 67.8%, suggesting that this feature of CHF is considered the reflecting pathogenesis of HFPEF. Hirata et al reported the clinical efficacy of d-ROMs levels as a predictor for cardiovascular events in patients with HFPEF with a history of HF hospitalization. In addition, they reported that compared with patients with low levels, patients with high d-ROMs levels (> 346 U.CARR), which are divided by the median value, exhibited considerably higher cardiovascular events, including HF re-hospitalization [13] . In the contrary, the present study suggested that patients with high d-ROMs levels (> 303 U.CARR), which are also divided by the median value, exhibited a considerably higher initial HF hospitalization incidence than patients with low dROMs levels. In addition, ROC curve analysis indicated that d-ROMs test as 319 U. CARR was an optimal cut-off value to predict the incidence of HF hospitalization. Thus, d-ROMs test as 319 U. CARR is considered as appropriate target value in order to diagnose or predict initial HF hospitalization in elderly CHF patients with no history of HF hospitalization.
Recent clinical studies have reported that the β-blocker is clinically useful for not only CHF with a reduced left ventricular ejection fraction but also CHF with HFPEF [23, 24] . In addition, the results indicated that the β-blocker was selected as an inhibitory factor for initial HF hospitalization. Conversely, the incidence of the use of the β-blocker in patients with high d-ROMs levels was as low as 15%. Moreover, patients with initial HF hospitalization incidence exhibited only 3% use of the β-blocker. Some basic and clinical studies reported that β-blocker inhibits oxidative stress in myocardial cells or improves left ventricular diastolic function [25, 26] . Thus, additional therapy using the β-blocker for patients with high dROMs levels with no administration of β-blocker is required, consequently expecting to prevent the incidence of initial HF hospitalization.
The clinical utility of BNP in CHF diagnosis or therapy is well-established [27] . This study suggested that high BNP levels were selected as a predictor for initial HF hospitalization. Conversely, several cut-off BNP levels were reported for cardiovascular disease incidence, including HF hospitalization [28] [29] [30] . In addition, Fischer et al reported that the BNP levels were different when measured using the kit [31] . However, Figure 2 . Multivariate Cox regression analysis for heart failure hospitalization using a combination of the d-ROMs test and BNP. Group H with low BNP levels (<200 pg/mL) or group L with high BNP levels (≥200 pg/mL) exhibited significantly higher HR (HR: 2.21, 95% CI: 1.06 -4.71, P < 0.05; HR: 2.29, 95% CI: 1.09 -5.93, P < 0.05, respectively) than group L with low BNP levels. Furthermore, HR of group H with high BNP levels compared with group L with low BNP levels exhibited higher HR (HR, 9.18; 95% CI, 4.78 -22.94; P < 0.001) than the other groups. Adjustment factors are age, diabetes mellitus, CAVI, and β-blocker use. *P < 0.05 vs. group L with low BNP levels; **P < 0.001 vs. group L with low BNP levels. HR: hazard ratio, CI: confidence interval, d-ROMs: derivatives of reactive oxygen metabolites; BNP: brain natriuretic peptide; HR: hazard ratio; CAVI: cardio-ankle vascular index. 
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Cardiol Res. 2018;9(3):153-160 this study suggested that the predictive value of BNP levels, which is measured using the SHIONOSPOT Reader as a commercial kit for the incidence of initial HF hospitalization, was 200 pg/mL degrees in elderly patients with CHF. In this study, all participants were divided into four groups based on their d-ROMs test levels (303 U.CARR) and BNP levels (200 pg/ mL) to clarify the clinical efficacy of using a combination of two biomarkers as d-ROMs test and BNP levels. Thus, a multivariate analysis was performed. The HR of patients with both high d-ROMs and high BNP levels compared with patients with both low d-ROMs and low BNP levels exhibited a HR with approximately four points higher than the HR of patients with high d-ROMs or high BNP levels alone. Because both the d-ROMs test and BNP levels can be measured in a short duration of approximately 15 min in clinical settings, a speedy and effective diagnosis and treatment for patients with CHF was expected using a combination of the d-ROMs test and BNP in daily practice. CAVI is a marker of systemic arterial stiffness and is independently associated with blood pressure levels [18] . Conversely, there exist several studies concerning the relationship between the physiological marker of arterial stiffness and the pathogenesis or prognosis of HF [32] [33] [34] . Meguro et al reported that high brachial-ankle pulse wave velocity level, which is a marker of arterial stiffness, predicts HF re-hospitalization in patients with CHF [33] . In addition, this study suggested that arterial stiffness is an essential factor for initial HF hospitalization and that a CAVI value ≥ 10 is considered the predictive value for the incidence of initial HF hospitalization in elderly patients with CHF. By contrast, this study also demonstrated that patients with high d-ROMs levels exhibited a considerably higher CAVI than those with low d-ROMs levels did. Several clinical studies have reported that medications, such as antihypertensive, antihyperlipidemic, and antidiabetic drugs, decrease CAVI [35] [36] [37] . Moreover, some studies have reported the clinical utility of these drugs in improving oxidative stress in vivo [38] [39] [40] . Miyashita et al reported that a decrease in urinary 8-hydroxydeoxy-guanosine, one of the markers of oxidative stress in vivo, exhibited a marked positive correlation with a decrease in CAVI by intervention therapy using statin or angiotensin receptor blocker [35, 36] . However, Iwasa et al reported that an improvement in the physical activity exhibited an independent correlation with an improvement in CAVI [41] . Thus, a decrease in the incidence of initial HF hospitalization in elderly patients with CHF has a possibility by interventions, such as medications with antioxidant effects or the improvement in the physical activity for target CAVI levels < 10.
Limitations
This study has several limitations. First, this study was conducted at a single-center with a relatively small sample size. Thus, the findings cannot be generalized to all medical centers. Second, only one point of the d-ROMs test levels was measured at registration. Thus, additional examination regarding the correlation between a serial change in the d-ROMs test and HF hospitalization is required. Finally, further studies concerning patients with high d-ROMs test levels are warranted to determine whether aggressive antioxidative stress therapy reduces the incidence of initial HF hospitalization in elderly patients with CHF.
Conclusions
This study demonstrates that high d-ROMs test levels predict initial HF hospitalization in elderly patients with CHF. In addition, the predictive value for the incidence of HF hospitalization increases by using a combination of two biomarkers as d-ROMs test and BNP levels. Nevertheless, further studies concerning patients with high d-ROMs test levels are warranted to determine whether aggressive antioxidative stress therapy reduces the incidence of initial HF hospitalization in elderly patients with CHF.
